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ENVIRONMENTAL EPIDEMIOLOGY (J BRAUN, SECTION EDITOR)

Epigencetics and Health Disparities

Alexis D. Vick"? « Heather H. Burris'-*

Outcome Black White
Life expectancy (years) [50] 75.6 79.0
Cardiovascular disease (%) [67] 472 34.1
Hypertension prevalence (%) [67] 421 28.0
Breast cancer (age-adjusted rate per 100,000) [52] 122.9 124 4
Breast cancer mortality (age-adjusted rate per 100,000) [52] 28.2 20.3
Preterm birth rate (%) [5] 13.2 8.9
Low birth weight (%) [5] 13.2 7.0
Infant mortality rate (per 1000) [6] 11.1 5.1

African-Americans: exposed to higher levels of ambient air pollution

low socioeconomic status/ to live in dense urban centers
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Different sources of air pollutants
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Air pollution and diseases: Epidemiologic and
experimental studies

" Exacerbation of respiratory disease as asthma exacerbation of
respiratory disease as asthma (etzel 2003; ko et al. 2007b)

= chronic obstructive pulmonary disease (COPD) (ko et al. 2007a; Mayer and

Newman 2001)

u respiratory infection (Lin et al. 2005; Medina-Ramon et al. 2006), |ung cancer (Laden et al.

2007; Pope et al. 2002)

" jncreased number of emergency room Visits (arhat et al. 2005; Fusco et al. 2001)
" hospital admissions (Lee et al. 2006; Peel et al. 2005, 2007; Pope et al. 1995)

» School absenteeism and activity restriction.
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Large surface area of particles in contact with alveolar surface

Alveoli

Macrophages failure in phagocyte too many particle
Release of mediators from the macrophages and epithelial cells due to activation
of signaling pathways mediated by oxidative stress, may then lead to

inflammation -Larger extent on particle surface area than on its composition




PM-induced oxidative stress

= Particles are able to induce the generation of free radicals-> increase in oxidative
stress

Metals(Fe, Co, Cr, V)-redox cycling

Cd, Hg, Ni, Pb-deplete glutathione and protein-bound sulfhydryl groups (stohs et al.2001;

Stohs and Bagchi 1995; Valko et al. 2005)

= Scavenger receptors (SR) : human macrophages, neutrophils, and monocytes
engaged in-phagocytosis.

= Different types of particles maybe ingested by the alveolar macrophage (AM)
following activation of diverse surface receptors.

-> A dose dependent increase in dichlorofluorescin oxidation

» Which components of PM are responsible for phagocyte activation?

Remains still unanswered- several components as metal content, ultrafine particles

(surface area), organic compounds and endotoxins (Brown et al. 2001; Goldsmith et al.)



Organic fraction may probably contribute to pathological
processes.

» PAH (polycyclic aromatic hydrocarbons: C}8lEfStZEISIA A 2= LY EH/I A O 2 Z (2t F
2 =2)0/xf gtet 75 2 & o/chinduces the expression of cytochrome P450 in
several lung cell types as AM, Clara cells and type 2 cells (overbyet al. 1992).
CYP1A1 can generate quinones, which produce ROS by redox cycling during
their metabolic processing (sorensen et al. 2003).

» PAH are absorbed and then distributed to tissues -> biotransformed by
phase | metabolic enzymes to chemically reactive intermediates->
covalently bind to DNA to form DNA adducts-> mutation and originate

tumor (Castafio- Vinyals et al. 2004; Sorensen et al. 2003).



PM-induced oxidative stress
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Cell-derived ROS can result in increased intracellular calcium concentration, activation and
phosphorylation of the mitogenactivated protein kinase (MAPK) family, thus initiating a

cascade event, which may lead to an increased gene transcription(Adier et al. 1999; Pourazar et al.
2005, 2008; Thannickal and Fanburg 2000).



Air pollution-epigenetics

= Higher exposure to air pollution has consistently been shown to be associated

with DNA methylation changes [wang 2016, zhong 2016, Breton 2016, Zhong 2015].

= \Wang et al. reported that per interquartile range increase (26.78 pg/m3) in 24-h
exposure to fine particulate matter (PM2.5), angiotensin-converting enzyme
DNA methylation (%5mC) was 1.12%lower

= Breton et al.(2016)

-Using newborn infant blood spots, Breton et al. found associations between air

pollution exposure and LINE-1 DNA methylation. They also report that LINE-1 DNA

methylation may affect long term cardiovascular health risk.



Preterm birth associated with maternal fine particulate
matter exposure

» Maternal exposure to fine particulate matter: a risk factor for preterm birth (shah
etal, 2011), low birth weight ( Holstius et al., 2012; Rich et al., 2015).

> PMZ2.5 exposure and preterm birth

:prospective cohort studies in Canada (Brauer et al., 2008) and China (Qian et al., 2016)
retrospective studies in the US (Ha et al., 2014; Huynh et al., 2006) and China (Fleischer et al., 2014),
‘natural experiment’ in the US (Parker et al., 2008).

» Proposed mechanisms

oxidative stress, pulmonary and placental inflammation, coagulopathy, endothelial
dysfunction and hemodynamic responses (kannan et al., 2006; Shah et al., 2011)

= Nachman et al. (2016) showed a significant relationship between PM2.5

exposure and intrauterine inflammation.
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AIlr pollution and decreased semen quality: A comparative study of @CmMark
Chongqing urban and rural areas

To investigate the association and effects of air pollution level on male semen
quality in urban and rural areas, this study examines the outdoor concentrations
of particulate matter (PM10), sulfur dioxide (SO2), nitrous dioxide (NO2) and

semen quality outcomes for 1346 volunteers in both urban and rural areas in

Chongqing, China.
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Multivariate analysis for semen parameters in men and PM10, SO2 and NO2 air

pollutant concentrations.

Variables PMo (pg/m?) 50, (ug/m’) NO; (ug/m’)

B (95% (1) p-value  f(95%Cl) p-value  [(95%Cl) p-value
Semen volume (ml) -0.042 (~0.009-0.014) 0122 0012 (~0,001-0.102) 0620 0.016(-0.012-0.065) 0.780
Sperm concentration (10°/ml) 0,075 (0.021-0.109) 0.031 0028 (0.001-0.063) 0416 0.074(0.000-0220) 0215
Progressive motility (PR, %) 0.079 (0.000-0.211) 0.114 -0.039(-0.075 to 0.039) 0.327 0.065 (0.001-0.102) 0.057
Total motility (PR + NP, %) 0.074 (0.012-0.169) 0.069 -0.031(-0.060 to 0.029) 0.220 0.043 (0.003-0.106) 0.132
Normal morphology (%) 0212 (-0801t0 -0003) <0001  -0378(-0915t0 -0.008) <0001  —0.381(-0920t0 -0.009)  <0.001
Motile sperm VCL (um/s) 0160 (-0803100680) <0001  -0121(-0902t00681) <0001  -0.160(-0.721t0 -0.001)  <0.001
Motile sperm VSL (um/s) 0209 (-0818t0 -0016) <0001  -0129(-0250t00018) <0001  -0210(-0.827 to -0.004)  <0.001
Motile sperm LIN (%) -0.069 (-0.188 t0 0.022) 0.069 -0.047 (-0.108 to 0.095) 0.179 -0.068 (-0.178 to 0.001) 0.057

After adjusting for age, education, BMI, smoking, drinking, abstinence time and season,
the outdoor exposure concentrations for PM10, SO2, and NO2 were found to be
significantly and negatively associated with a normal sperm morphology percentage




Ovarian Damages Produced by Aerosolized Fine Particulate
Matter (PM, ) Pollution in Mice: Possible Protective
Medications and Mechanisms

Hui-Fang Gai'?, Jian-Xiong An?, Xiao-Yan Qian®, Yong-Jie Wei*, John P Williams®, Guo-Lan Gao'?

Methods: Eighty-four ICR mice were divided into six groups: control group, PM2.5

group, PM2.5 + aspirin group, PM2.5 + Vitamin C group,
PM2.5 + Vitamin E group, and PM2.5 + ozone group.
PM?2.5 was given by intratracheal instillation every 2 days for 3 weeks.

Aspirin, Vitamin C, and Vitamin E were given once a day by oral gavage for 3 weeks

ozone was administered by intraperitoneal injection once a day for 3 weeks.

= Aspirin-anti-inflammatory effects and antioxidant effects

= Vitamin C (ascorbic acid)- antioxidant & prevent histamine release and increase the
detoxification of histamine

= Vitamin E- effective antioxidant

= Ozone- potent oxidant but induce upregulation of antioxidant enzymes.




Effects of different medications and ozone on the levels of serum AMH in

PM2.5-treated female mice.
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Effects of different medications and ozone on the levels of ovarian inflammation

in PM2.5-treated mice.
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v Ovarian damage following exposure to PM2.5 was demonstrated by hemorrhage,

vascular congestion, and follicular degeneration.
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Endocrine Disrupting Chemicals (EDCs), Lj £H| n2t=%!,

Endocrine Disruptor (ED)
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L = H| 1 2F F % &....persistent organic pollutant(POP)

K| 2= A| (dichloro-diphenyl-trichloroethane, DDT)

Ol

ok At=T|, et Xl K| & (vinclozolin)

Dioxins and dioxin-like PCB(polychlorinated biphenyls) AIZ 2 XLt S K| E AR L= S A EALS

ujn

Z 2t AElE (bisphenolA, BPA, single chemical):epoxy resins, can lining, thermal paper product, dental

sealants, baby bottles, food containers, other plastic products

12 X}$}EHE 2 (phthalate;DEHP,DBP,BBP,DINP,DIDP): PVCS S C 2 A 87| |8} AFRSt= SjatA 2 o)A
= 2, MA, =X 7ts X g 80f, 7HE 8 HEEXY, E i

olefEo 2 AME L= g |2 E 2l (DES)

SIAFE M E T M| ™ = (Parabens, UV-screen)
S5  H 7tEE)



Potential mechanism(s) of endocrine disrupting
chemicals (EDCs) action

GENOMIC PATHWAY T NON-GENOMIC PATHWAY

Binding to nuclear hormone Binding to membrane
receptors (ERs, ARs, PR, TRs, AhR) ER. PR or GPR30 Oxidative stress

*Stimulation of protein kinase activation

\

Agonistic Antagonistic
effect effect

—_—

and phosphorylation
. *Activation of second messengers
Modulation of transcriptional
PFOCESISS INOMREONE FICKORE Recruitment of coactivators or
translocation and binding on
corepressors in enzymatic pathways
corresponding response element
‘ Interference with synthesis, secretion,
Regulation of target gene metabolism, transport or peripheral action
expression of endogenous hormones

——

‘ [ Endocrine system disorders and hormone-related cancer ] ‘




Cell cycle

Alternative
mechanisms of ops

action e —~—=
Y 4

Caspase 3 = apoptosis

Cyclin Bl

MEHP : affect ovarian follicle health by inducing the generation of ROS and by

increasing the level of oxidative stress

DBP: inhibits the expression of cyclin E1, cyclin A2 and cyclin B1

-> cell cycle arrest and inhibition of antral follicle growth

BPA: apoptosis via a caspase-3-mediated mechanism in female rat




Human exposure to endocrine disrupting chemicals (EDCs) and possible toxic
influences on female neuroendocrine reproductive system

ANTROPOGENIC SOURCES
of ENDOCRINE DISRUPTION
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» Very little is known about the reproductive health risks
associated with EDC mixtures.

= Variable persistence of EDCs in the body and the environment,

=  The timing of exposure

-great importance since the same dosage exerts diverse effects in individuals
of different age.

-Windows of susceptibility: in utero, adolescence, adulthood

= npon-monotonic dose-response relationship

= The results may appear immediately, and/or they may manifest later in

life and in the following generations, with different susceptibility,

depending on the genetic polymorphisms of the exposed individuals.




Hypothalamic-pituitary-gonadal axis

= Animal studies suggest that EDCs may disrupt the orderly programmed
progression of female reproductive life cycle through developmental
changes of kisspeptin-GPR54 system

= Reduction of hypothalamic kisspeptin-immunoreactivity in hypothalamic
nu-clei in adult rats perinatally exposed to estradiol benzoate (EB; 50
mg/kg), genistein (10 mg/kg b.w.), BPA (500 mg/kg b.w.) or PCB mixture
(1 mg/kg) has been shown to advance the puberty onset and accelerate
reproductive senescence

= Developmental exposure to some EDCs can advance the time of vaginal

opening independently of kisspeptin signaling



Puberty

= Precocious puberty (early menarche): associated with exposure to EDCs in girls

from the U.S.A., Belgium, Puerto Rico or Taiwan, although the evidence is
contradictory.
= spectrum of puberty disorders
- early onset puberty, and precocious or delayed puberty, along with concomitant
disorders of sexual differentiation
= Most of the evidence from animal experiments and in vitro studies
-actions at different levels, including the neuroendocrine signals, hypothalamic-
pituitary axis, gonads and peripheral target organs such as breasts, uterus, genitals

and hair follicles



Ovarian disorders

Significant in vivo association between higher EDCs (PCBs, polybrominated
diphenyl ethers, organochlorine pesticides) concentrations in the follicular

fluid of women and reduced developmental competence of their oocytes, a

highly significant drop in fertilization rate and lower proportion of top-

quality embryos, independent of the age, BMI, E2 levels of the patient,

fertilization procedure or the presence of male subfertility has been

demonstrated (petro EM,2012).




Ovarian disorders

BPA appears to stimulate ovarian theca-interstitial cells to produce

androgens, possibly by regulating 17b-hydroxylase, a key enzyme in gonadal

steroid biosynthesis which dysregulation results in the overproduction of

androgens by the ovary (Barrett Es, 2014)

There is evidence in animal models that many EDCs lead to multioocyte
follicles (BPA, DES) being a potential precursor of premature ovarian

follicles (costa Em, 2014)




Endometriosis

In several case-control studies, significantly higher plasma levels of mono-(2-

ethylhexyl) phthalate (MEHP) and di(2-ethylhexyl) phthalate (DEHP), mono-n-

butyl phthalate (MBP), dioxin-like PCBs, or pesticides (mirex,

hexachlorocyclohexane, HCH) and fungicides (t-nonachlor, hexachlorobenzene)

DEHP has suggested increased viability of endometrial stromal cells, a
precondition to endometriosis.

TCDD disrupted cannabinoid signaling leading to inflammation in
endometrium.

Promoted invasiveness of stromal endometrial cells by increased expression
of matrix metalloproteinase-2 and -9 (MMP-2, MMP-9) and reduced expression
of CD82 (tumor metastasis suppressor) that inhibits the invasiveness of

endometrial cells has been observed (Gore Ac, 2015)



Fibroids

Positive association between higher concentrations of BPA, nonylphenol (NP),
and octylphenol(OP) and fibroids has been shown in a recent study in Chinese
women

A recent cross-sectional investigation of phthalates exposures reported a
positive association between MBP and an increased risk of fibroids, but an
inverse association between MEHP derivatives and tumors.

MEHP exposure and GSTM1 null genotype are associated with fibroids.




Environmental exposure to polycyclic aromatic hydrocarbons (PAHSs):
The correlation with and impact on reproductive hormones in
umbilical cord serum™

Shanshan Yin, Mengling Tang, Fangfang Chen, Tianle Li, Weiping Liu”

Reproductive hormone concentrations in the research population (n = 77).

Reproductive hormones N Mean + SD Percentiles

23 i) 13
FSH (mIU mL™1) 77 12.2 + 980 3.65 9.57 199
LH (mIU mL™1) 77 21.4 + 19.0 2.25 18.3 30.1
Testo (ng ml™ ") 77 7.17 + 954 0.861 5.25 10.83
AMH (pg ml™!) 77 1056 + 719 486 1023 1408
E2 (ng ml~!) 77 260+ 219 1.06 2.13 3.72

The exposure to PAHs negatively affected estradiol (E2) and Anti-Mullerian hormones
(AMH) and positively affected FSH in the umbilical cord serum. These results may help to
understand the complex pathways involved in disorders of human reproductive health
associated with prenatal exposure to PAHs.



Environmental
toxicants: hidden
players on the
reproductive stage
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Sti Rep. 2017 Apr 27,7:46179. doi- 10.1038/srep46179.

Grand-maternal smoking in pregnancy and grandchild's autistic traits and diagnosed autism,

Golding J' Ellis ', Gregory S', Birmingham K, lles-Caven Y', Rai D® Pembrey M',

+ Author information

Abstract
Although there iz considerable research into the genetic background of autism spectrum disorders, environmental factors are likely to

contribute fo the variation in prevalence over time. Rodent experiments indicate that environmental exposures can have effects on
subsequent generations, and human studies indicate that parental prenatal exposures may play a part in developmental variation. Here we
use the Avon Longitudinal Study of Parents and Children (ALSPAC) to test the hypothesis that if the mather or father (F1) had been exposed
to their own mother's (F0) smoking during pregnancy, the offspring (F2) would be at increased risk of autism. We find an association between

maternal grandmother smoking in pregnancy and grand daughters having adverse scores in Social Communication and Repefitive Behaviour

measures that are independently predictive of diagnosed autism. In line with this, we show an association with actual diagnosis of autism in
L |
her grandchildren. Paternal grandmothers smoking in pregnancy showed no associations.



= Data demonstrate that EDCs may contribute to numerous human female
reproductive disorders.

= Time of exposure is as important as exposed dose, duration of exposure, and
age for EDCs able to disrupt endocrine functions.

= Animal and human studies regarding reproductive disorders are still insufficient

= More systematic research in this area is critical to our understanding of human

health risks.

= Effective protection from chemical exposures requires leadership,

environmental, education, civic participation, and social action.
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